Soft ground with low bearing capacities is found to large areas in the world. In order to increase the bearing capacity of soft ground and to decreases settlement, some methods were developed for improving the mechanical properties of ground. As a stiffener of soil improvement, bamboo chips were used in this study. Bamboo is one of the fastest-growing plants on Earth and with a large distribution around the world. As a natural material, it is even better for environment and has excellently mechanical characteristic. The bamboo chips were mixed into the test specimen as a stiffener of soil improvement. Unconfined compression test were performed with test specimen, then mechanical characteristics of reinforced soil by cement and bamboo chips were investigated. From the test results, the strength and ductility characteristic of soil improvement are rather better when the bamboo chips are mixed.
Introduction
The strength of soft ground is not enough when the structure is constructed on that ground, excavating working or soil was used as the constructive material. In these cases, soil improvement always performed. The purpose of soil improvement is to increase the strength of soil and avoid soil failure, excessive settlement and penetration. Recently, soil improvement technology develops quickly. Various methods are developed and used for many purpose and condition of construction. One of these methods is that make a soil improvement by using the plastic fiber as stiffener. In this study, bamboo chips were used instead of plastic fiber. Bamboo grows faster than any other plant. It has been measured as fast as 100cm in 24-hour period. After germinating, it will become a full-grown bamboo in 3 years. If make a good use of full-grown bamboo only, this material could be considered as infinite natural resource from the environmental point of view. In addition, it has even excellently strength and ductility. Therefore, the aim of this study is to increase the strength of soil improvement by using the advantage of bamboo. Then, it is less impacts on environment.
In this paper, unconfined compression test of soil improvement by cement and bamboo chips were performed. In order to investigate the effect of bamboo chip, test specimen were distinguished to 2 groups with bamboo chips mix ratio as 0.0% and 1.0%. For each group, 2 type of blending quantity of cement are used as 100kg/m 3 and 200kg/m 3 .
Test specimen
Toyoura sand (average particle diameter is 0.19mm) with water content 15% and Portland cement were used to make the test specimen. 2 types of Bamboo chips were used in test. At the first, bamboo chips with 60mm×7mm×0.9mm (length × width× thickness) were used as shown in figure  1(a) . But the effect of improvement was not very good according to the test results. As for the cause of that, number of mixed bamboo chips was not enough. The weight of bamboo chips mixed in test specimen is constant corresponding to the weight of test specimen. The number mixed bamboo chips were few (approximately 100) when the width of bamboo chip is too large. Therefore, the bamboo chips were divided in cross direction in order to increase number of bamboo chips. Each bamboo chip was divided to 4 or 6 equal pieces. The number of bamboo chips increased to approximately 600 when it makes the width 1mm or the 2mm as shown in the figure 1 
Each set of test specimen were combined by blending quantity of cement (100kg/m 3 and 200kg/m 3 ), mix ratio (weight percent) of bamboo chips (0.0% and 1.0%) and curing period (3days, 7days and 28days). Table 1 shows the case that the blending quantity of cement is 100kg/m 3 . Figure   2 shows the mold with 200mm × 100mm (height × diameter) which was used to make test specimen.
Meanwhile, free sugar in bamboo will disturb the hardening of cement. But it could be eliminated by boiling [1] . Then, the bamboo chips were boiled for 1 hour and dried. After this, Toyoura sand, cement and the bamboo chips were mixed sufficiently with w/c=60%. Test specimen of 200mm length was made in 3 parts of layer in order to make homogenous test specimen. For each layer, the rammer dropped 10 times from height of 300mm. The rammer with 50mm×2.5kg (diameter × weight) was used. The test specimen was put in vinyl bag with a little water to keep the moisture of test specimen and it was put in the constant temperature container which was set to the 20°C. Figure   3 shows curing equipment. Figure 4 shows the test apparatus. The test apparatus consists of two parts. One is loading part to control loading and another is measuring part to log data, such as load and displacement. By making these two parts start simultaneously and the data were recorded pre 1 second. The loading speed of the test apparatus was designated as 1.0mm/min in this test. It continued loading until load becomes less than half of the maximum load. Test results Figure 5 shows the failure modes of test specimen. Some bamboo chips were pulled out from the failure cross section. Figure 6 and 7 show an example of the relationship of stress-strain from compression test. The blending quantity of cement is 100kg/m 3 and curing period is 7 days for both of these 2 cases. Bamboo chip mix ratio is 0.0% for the case in figure 6 and 1.0% for the case in figure 7 . It is found that the maximum stress shown in figure 7 is nearly twice the value from figure 6. It means that the compressive strength increased. Furthermore, the load decreases at a slow pace after maximum load in figure 7 . Therefore, the compressive ductility is increased by mixed bamboo chips in test specimen.
Compressive strength and ductility were carried out using equation (1) and (2).
µ=ε 50 /ε max (2) σ max : compressive strength (kPa), P max : maximum load (kN), A: section area of test specimen, µ: compressive ductility, ε 50 : compressive strain correspond to σ max /2 after maximum load, ε max : compressive strain correspond to σ max .
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Frontiers of Green Building, Materials and Civil Engineering (1) and (2). For the case with blending quantity of cement is 100kg/m 3 and curing period is 28 days in figure 8 , the compressive strength are nearly 553kPa (bamboo chip mix ratio is 0.0%) and 1044kPa (bamboo chip mix ratio is 1.0%) respectively. Therefore, it was found that the compressive strength of soil improvement increased 89% when bamboo chips were mixed. For the case with blending quantity of cement is 200kg/m 3 and curing period is 28 days, the compressive strength of soil improvement increased 48% when bamboo chips were mixed. 
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For the case with blending quantity of cement is 100kg/m 3 and curing period is 28 days in figure  9 , the compressive ductility of soil improvement increased 50% when bamboo chips were mixed.
For the case with blending quantity of cement is 200kg/m 3 and curing period is 28 days, the compressive ductility increased 71% when bamboo chips were mixed.
Concluding remarks
From the test results, the strength and ductility of soil improvement become better when the bamboo chips are mixed. Some bamboo chips were pulled out from the failure cross section. If the adhesion between bamboo chips and soil could be improved, the mechanical characteristic of soil improvement will better. With the small blending quantity of cement, improved effect of compressive strength is better.
In further study, the advantage of the bamboo material will be used to develop an economically and environment-friendly soil improvement method.
